and portability, miniaturized electrochemical sensor chips facilitate bedside diagnosis 1 and assays at home, such as self-monitoring of blood glucose in diabetic patients 1 .
2 However, one of the major problems with detection using miniaturized systems is the 3 low detection current. A typical miniaturized system consists of two-dimensional (2D) 4 planar electrodes placed on the bottom of a microchannel. Although electrochemical 5 sensing using a microchannel is generally considered to be highly efficient, the 6 reactions are in fact limited to the vicinity of the planar electrodes and, despite the small 7 size of the channel, a large proportion of the analyte molecules may pass over the 8 electrodes without being used for the analysis 2 . In this study, we performed a 9 preliminary evaluation of the efficiency of a 2D planar working electrode using a 10 typical electrochemical microfluidic system. A planar working electrode (500 µm × 11 500 µm) was formed in a microchannel (width: 500 µm and height: 55 µm), and a with electrodes ( Fig. 1) . A detailed description of its fabrication procedure is provided .
7
A drop of 20 µg/ml primary monoclonal antibody against human BAP was placed on (Fig. 2) , which are consistent with the results of previous reports 12, 13 .
4
The peak height for the 3D electrode was 6.3 times larger than that for the 2D electrode.
5
The peak height increased further for the electrode modified with gold black; the peak 6 height for the 3D electrode with gold black was 9.2 times larger than that for the 2D 7 electrode without gold black. These results clearly show that the 3D micropillar 8 electrode modified with gold black is beneficial for ELISA.
9
In the above experiments, we demonstrated the applicability of a 3D electrode 10 for a single assay by directly performing the ELISA on the surface of the micropillars.
11
Then, we used this 3D-electrode system to fabricate a more versatile ELISA device.
12
Multiple samples can be measured using a single sensing electrode by separating the thus acquiring reproducible data. In this study, the reactions were performed on the surface of PDMS micropillars uniformly fabricated in a serpentine channel (Fig. 1 ).
1
The enzymatically converted analyte was detected downstream by amperometry. The 2 SU-8 master for the PDMS mold was fabricated using a mask having the desired shape.
3
The serpentine channel was 55 µm in height, 500 µm in width, and 50 mm in length.
4
The PDMS micropillars were 55 µm in height and 50 µm in diameter. The inter-pillar 5 distance (edge to edge) was 50 µm, and the number of PDMS micropillars was 6 approximately 6000. As a preliminary experiment to test this microfluidic detection observed between the detection current and the concentration of PAPG (Fig. 3a) .
16
Although the enzyme may be denatured during the binding step, our results indicate that 17 at least 4.5 µM PAPG is required for ELISA in this setup to obtain an enough detection current.
1
Next, we used our designed microdevice for ELISA of another bone metabolic enzymatically converted PAP was detected using the 3D micropillar electrode modified with gold black and the 2D planar electrode without gold black. In both the cases, a 1 linear relationship was observed (Fig. 3b) . Because the average TRACP-5b activity in 2 normal women is 2.83 ± 1.1 U/L and it increases with age, it is important to detect any Furthermore, because there are several bone metabolic marker proteins, and it is 5 desirable to simultaneously detect them on an electrode, our future work aims to achieve 6 the simultaneous detection of multiple analytes in serum using the designed electrodes 17,
7
18 . Our versatile and efficient 3D micropillar electrodes could potentially be a 8 fundamental tool for the development of more sophisticated on-site diagnosis systems. detect an analyte, whereas the bare PDMS micropillars were used at the reaction sites 6 for performing ELISA. 
